Three-Dimensional Observations of H2 Emission 
around Sgr A East 
- I. Structure in the Central 10 Parsecs of Our Galaxy 
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ABSTRACT 

We have obtained velocity-resolved spectra of the H2 1—0 S(l) (A = 2.1218/ini) emission line 
at 2" angular resolution (or ^ 0.08 pc spatial resolution) in four regions within the central 10 pc 
of the Galaxy where the supernova-like remnant Sgr A East is colliding with molecular clouds. To 
investigate the kinematic, physical, and positional relationships between the important gaseous 
components in the center, we compared the H2 data cube with previously published NH3 data. 
The projected interaction-boundary of Sgr A East is determined to be an ellipse with its center 
offset ~ 1.5 pc from Sgr A* and dimensions of 10.8 pc x 7.6 pc. This H2 boundary is larger than 
the synchrotron emission shell but consistent with the dust ring which is believed to trace the 
shock front of Sgr A East. Since Sgr A East is driving shocks into its nearby molecular clouds, 
we can determine their positional relationships using the shock directions as indicators. As a 
result, we suggest a revised model for the three-dimensional structure of the central 10 pc. The 
actual contact between Sgr A East and all of the surrounding molecular material, including the 
circum-nuclear disk and the southern streamer, makes the hypothesis of infall into the nucleus 
and feeding of Sgr A* very likely. 
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1. INTRODUCTION 

In the central 10 pc of our Galaxy, the Sgr 
A region contains several characteristic objects; 
a candidate for super-massive black hole (Sgr 
A*) of about 4 x 1 0^ M© (see iGhez et al] 120031: 



Schodel et al. 20031 and references therein), a sur- 
rounding cluster of stars (the Central cluster), 
molecular and ionized gas clouds (the circum- 
nuclear disk (CND) and Sgr A West), supernova 
remnants (SNR G 359.92-0.09 and Sgr A East). 
They are surrounded by molecular structures in- 
cluding two giant molecular clouds (GMCs) M- 
0.02-0.07 and M-0. 13-0.08 (also known as the 
'50 km s~^ cloud' and the '20 km s~^ cloud', 
respectively). In addition to the two GMCs, re- 
cent accurate radio observations have resolved 
several dense and filamentary molecular features 
around the Sgr A complex; the 'molecular ridge'. 
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the 'southern streamer', the 'northern ridge', and 
the 'western streamer' (see Figure [T] of this paper 
and Figures 3, 9, and 1 of iMcGarv. Coil fc Ho 
200ll and Figure 14 of iHerrnstein fc Hoi |2005| ). 
These molecular features are believed to play 
important roles in feeding the central raassive 
black hole (IHo et al.l[l99ll: ICoil fc Holll999l 1200(11: 



McGarv et all l200lh . The interaction between 



these various components is responsible for many 
of the phenomena occurring in this complicated 
and unique portion of the Galaxy. Developing a 
comprehensive picture of the primary interactions 
between the components at the Galactic center 
will also improve our understanding of the nature 
of galactic nuclei in general. 

As the complicated morphology of the central 
10 pc is being unveiled thanks to the dramatic 
progress of radio technology, effort is being made 
to understand whether these features are really as- 
sociated with the Galactic center or just seen along 
the line-of-sight in that direction, and to deter- 
mine the relative positions of them along the line- 
of-sight, i.e., the three-dimensional (3-D) spatial 
structure of the Galactic center. 

Observations of 327 MHz absorption toward 
Sgr A West definitely place Sgr A Eas t behind 
Sgr A West jYusef-Zadeh fc Morrig|ll987t see also 
Pedlar et al]ll989l ). iMezger et al.l (|l989h observed 
ring-shaped 1.3 mm dust emission surrounding 
Sgr A East across the 50 km s~^ cloud and the 
20 km s^^ cloud, and suggested that Sgr A East 
has expanded into these molecular clouds. Based 



on th ese observational arguments, IMezger et al 



( 19891 ) proposed a 3-D structure of the Sgr A com- 
plex and concluded that the event which created 
Sgr A East and the associated dust shell did not 
occur deep within the GMCs but close to their 
surfaces facing the sun. 

However, iGeballe. Bass, fc Wadd (|l989h found 
CO absorption toward a few Galactic center 
infrared (IR) sources and suggested that the 
20 km s~^ cloud may be located in front of Sgr 
A West. They also found some evidence that the 
50 km s~^ cloud lies partly in front of Sgr A West. 

Based on the NH3 morphology and kinemat- 
ics observed using the Very Large Array (VLA), 
Coil fc Hoi (|l999l I2OOOI) located the Galactic nu- 
cleus (defined to include Sgr A*, Sgr A West, 
and the CND throughout this paper) behind the 
southern streamer (and the 20 km s^^ cloud; see 



also iGiisten fc Downed Il980l) and the 50 km s 
cloud (or the northern part of the molecular ridge) 
slightly behind Sgr A East. They also argued 
that the distance between Sgr A East and the 
20 km s~^ cloud along the line-of-sight should be 
smaller than 8.4 pc, which is the size of the SNR 
G 359.92-0.09 in 20 cm rad i o continuum imag es 
(jYusef-Zadeh fc Morrisl[l987l : IPedlar et al.lll98i; 



iHerrnstein fc Hoi (l2005l) updated and modified 
the 3-D model of ICoiL&H^ (|2000t ) based on their 



additional NH3 line data and more recently pub- 
lished results 
therein; 



Park et 



Maeda et al. 2002 and references 
as follows. The nuclear 



al.l l2004h . 



region is placed just inside the leading edge of Sgr 
A East. Only some part of the 50 km s^"'^ cloud 
is located in front of the nucleus. The western 
streamer seen in NH3 emission is highly inclined 
to the line-of-sight and is expanding outward with 
Sgr A East. The northern ridge is placed along 
the northern edge of Sgr A East and is expanding 
perpendicular to the line-of-sight. The southern 
streamer passes over the nucleus in projection but 
probably does not interact with it. 

Together, the 3-D models above agree on the 
following features: 

1. The Galactic nucleus lies in front of Sgr A 
East but behind the southern streamer and 
part of the 20 km s"^ cloud along the line- 
of-sight. 

2. Sgr A East is expanding into the 50 km s^^ 
cloud, the northern ridge, and the western 
streamer. 

3. SNR G 359.92-0.09 is colliding with the 
southern part of the molecular ridge, the 
eastern edge of the 20 km s~^ cloud, and 
the southern edge of Sgr A East. 

On the other hand, contradictions among the 
models raise the following questions. 

1. Is the nucleus in contact with or contained 
within Sgr A East? 

2. Is the southern streamer falling into the nu- 
cleus? 

3. Has Sgr A East expanded into the 50 km s^^ 
cloud significantly, or just started to contact 
it? 
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4. Is Sgr A East colliding with the northern 
part of the molecular ridge? 

5. Is Sgr A East in contact with the 20 km s^^ 
cloud? 

6. Is the 20 km s~^ cloud located only in front 
of Sgr A East, or also extended further to 
the backside of it along the linc-of-sight? 

It should be noted that the models above are all 
based on indirect evidence like morphology, kine- 
matics of molecular clouds, or absorption of back- 
ground radiation by these clouds, rather than on 
direct, physical interactions between the objects. 
To answer some of the above questions directly, 
we have observed molecular hydrogen (H2) emis- 
sion and constructed a 3-D picture of the Galactic 
center. H2 emission is an excellent tracer of inter- 
actions between dense molecular clouds and other 
hot and powerful objects, like Sgr A East. 

In this paper we report observations of II2 line 
emission from regions of interaction between Sgr 
A East and other gaseous components within the 
central 10 pc. Our observations were almost en- 
tirely of the H2 1-0 S(l) line. Unlike most previ- 
ous work, we observed this line at sufficiently high 
spectral resolution to resolve the velocity profiles 
and at high enough angular resolution to obtain 
detailed information on the spatial structure of the 
emission. We also obtained measurements of the 
H2 2-1 S(l) line at 2.2477 /xm at one location in 
order to investigate the excitation mechanism of 
the H2. 

We describe the observations in Section [2] and 
the reduction of the spectroscopic data in Sec- 
tion [21 Based on the directions of the shocks 
derived from the direct comparison of radial ve- 
locities with t hose from the NIl3(3,3) data of 
McGarv et al.l (|200l[ ). we construct a 3-D model 
for the structure of the central 10 pc in Section [H 
In a forthcoming paper we discuss the properties 
of the shocks and estimate the explosion energy 
and age of Sgr A East, from which we constrain 
its origin. 

2. OBSERVATIONS 

We surveyed four different fields in the II2 1 — 
S(l) line, near the edges of Sgr A East where 
interactions between its hot, expanding gas and 



molecular clouds in the central 10 pc are expected 
(see Fig.[2|). The northeastern field (hereafter field 
NE) includes part of the 50 km s"^ CMC and the 
northern ridge. The eastern field (field E) includes 
the northern portion of the molecular ridge. The 
southern field (field S) extends along the south- 
ern streamer, the northern half of which overlaps 
Sgr A East; 1720 MHz OH maser emission (an 
indicator of shock interactions) is also found in 



this field ( Yusef-Zadeh et al.lll999aD . The western 



field (field W) includes portions of the northwest- 
ern part of the CND and the northern part of the 
western streamer. 

The data were obtained at the 3.8 m United 
Kingdom Infrared Telescope (UKIRT) during 2001 
and 2003 using the facility ins trument Cooled 
Grating Spectrometer 4 (GGS4; [Mountain et al. 
il990,) with its 31 1/mm echelle, 300 mm focal 
length camera, and a two-pixel- wide slit. The 
pixel scale along the slit was 0.90 arcsec with the 
grating angle of 64?691 and the slit width on the 
sky was 0.83 arcsec. The angular resolution, which 
was affected by seeing and the optics of the spec- 
trometer, was about 2 arcsec (~ 0.08 pc at the 
distance to the Galactic center) based on the the 
measured FWHM of the flux profile of the stan- 
dard star along the slit. The instrumental resolu- 
tion, measured from Gaussian fits to telluric OH 
lines in our raw data, was ^ 18 km s~^. The 
slit length was ~ 90 arcsec, which is longer than 
the typical size of a molecular clump of 30" or 
1.2 pc (see the NH3 map in Figure CGS4 
is a unique instrument in using such a long slit 
together with an echelle grating. Thus we could 
employ the observing technique of scanning large 
fie lds (similarly to the low-dispersion ob servations 
of lBurton &: Allenlll993 : iLee et al.ll2005f) with the 
high spectral resolution. 

Rectangular fields were observed by stepping 
the telescope by 3 arcsec perpendicular to the slit 
axis. The telescope was nodded between object 
and blank sky positions every 20 minutes (one cy- 
cle for observing a single slit position consisted of 
one sky exposure and five object exposures), to 
allow subtraction of the background and telluric 
OH line emission. The sky positions were offset 
by about 2?5 (Aa = -2?03, AS = 0?85) from 
the on-source positions. Wc designate each slit 
position 'slit ' -I- [scanning direction] + [separa- 
tion from a 'base position' in the scanning block 
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it belongs to; in arcsec]. The base position is a 
starting point of scanning each field block and its 
coordinates are given in Table [T] For example, 
'slit NW12' in field NE-1 is separated from the 
base position (called 'slit 00') by 12 arcsec toward 
northwest. The integration time at each slit posi- 
tion was 1000 seconds. Two stars, HR 6496 (be- 
fore 2003 May 28) and HR 6310 (on and after that 
date), were observed for flux-calibration. The ob- 
servations are summarized in Table [TJ 

The measurements on 2001 August 4 were per- 
formed slightly differently from those on other 
nights. In order to remove bad pixels more efh- 
ciently, the observing positions were jittered along 
the slit during the 5 exposures taken on each ob- 
ject (Ap = 0, +1, +2, -1, and -2 pixel in sequence). 

3. DATA REDUCTION 



The data were reduced in three stages. In 
the first stage, performed at the telescope by the 
UKIRT pipeline reduction software ORAC-DR, 
the individual frames were flatfielded and approx- 
imately wavelength-calibrated. The next stage in- 
volved the use of standard IRAF routines to 
perform sky subtraction using the sky frames, in- 
terpolate over bad pixels, remove S-distortions 
and wavelength distortion and impose an accurate 
(to ±1 km s~^) wavelength calibration using OH 
lines. We also removed stellar continua and resid- 
ual skylines, and flux-calibrated using the spectra 
of HR 6496 and HR 6310. We determined the slit 
losses for these stars by assuming a circularly sym- 
metric point-spread-function (PSF) based on the 
flux profile along the slit length, to estimate the 
missing stellar flux. The correction factor, which 
varies with the s eeing, ranged from 2.06 to 2.94 
(iLee fc Pakll200il . 

The final stage of data reduction involved the 
use of MIRIAD (ISault. Teuben. fc Wrightl ll99,4 



iHoffman et al. 19961 ) . a program package gener- 
ally used for reduction and image analysis of ra- 
dio interferometric data. However, MIRIAD can 
also be used for a general reduction of continuum 
and spectral line data. We employed MIRIAD 
to stack the 2-D spectral images into a single 3-D 



data cube for each of the 11 fields (see Table[T|) and 
then combined them into a total data cube that 
contains coordinate information for every position 
along ever y slit for ea ch slit orientation. For more 
details see iLed (|2005() . 

The resulting integrated intensity map for 
the combined data cube is shown in Fig. [3l A 
smoothed version of the total cube, produced by 
convolving with a Gaussian profile of FWHM — 
3" to give a higher signal-to- noise (S/N) ratio, is 
also presented in Fig. [4l 

4. H2 EMISSION AROUND SGR A EAST 

H2 is the most abundant molecule in the inter- 
stellar medium (ISM). We cannot, however, ob- 
serve H2 directly in cold, dense molecular clouds 
because the lowest energy levels of H2 are too high 
to be excited in these environments (T < 50 K). 
Instead, H2 emission is observed in more active 
regions, for example, in warm regions heated by 
shocks or in the surfaces of clouds illuminated by 
far-ultraviolet (far-UV) radiation. H2 emission 
has been found associated with star-forming re- 
gions, SNRs, planetary nebulae, and active galac- 
tic nuclei. 



Since the first detection bv lGatlev et al.l (|l984r ). 
a number of groups have observed the Galac- 
tic center in H2 li ne emission. Using a Fabry- 
Perot (FP) etalon iGatlev et all (|l986| ) mapped 



^IRAF is distributed by the National Optical Astronomy 
Observatories, which are operated by the Association of 
Universities for Research in Astronomy, Inc., under coop- 
erative agreement with the National Science Foundation. 



the CND in the 2.1218 /xm H2 1-0 S(l) emis- 
sion with an angular resolution of 18". They 
found that the CND has a broken, clumpy ap- 
pearance. iBtirton fc AiIctI (Il992l ) obtained im- 
ages in various emission lines (He I 2.058 fj,m, Brj 
2.166 /Ltm, and H2 1 — S(l)) by scanning the 
telescope perpendicular to the slit, covering spa- 
tially an area of 103" x 145" and spectrally the 
entire K window (2.0-2.4 /im) with a resolution 
of A/ A A 400. The near-IR images show a clus- 
ter of He emission line stars, the mini-spirals in 
Br7, and the CND in H2. They also observed the 
H2 emission peak in the CND with normal spec- 
troscopic techniques, and suggested collisional flu- 
oresce nce as the emission mechan ism. On larger 
scales , iPak. Jaffe. fc Keller (|l996allbl ) surveyed the 
Galactic plane in the H2 1-0 S(l) emission along 
a 400-pc strip. They found that H2 emission can 
be seen throughout the surveyed region, peak- 
ing toward Sgr A. They also mapped the cen- 
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tral 50 PC with a beam size of 3 '3 in diameter. 
Wardle. Yusef-Zadeh. fc Geballd (1 19991 ) detected 
the H2 1-0 S(l), 2-1 S(l), and 1-0 S(0) lines 
at the position 'A' of the 1720 MHz OH maser 
detection in Figure [3 But they could not con- 
strain the H2 excitation mechanisms using line 
ratios because of large uncertainties in the line 
fluxes. l Yusef-Zadeh et all (|l999bL l200lh also sur- 
veyed H2 line emission around the regions where 
the OH masers have been detected, and imaged 
the CND and most of the Sgr A East region using 
NICMOS on the Hubble Space Telescope (HST). 
Their H2 image has the highest spatial resolution 
(0'.'20) obtained so far. To study the kinematics 
of the CND, they also observed this field using a 
FP etalon, with a FWHM spectral resolution of 
~ 75 km s~^. Based on their results, combined 
with the OH detection, they suggested that the 
H2 gas is shocked and accelerated by the expan- 
sion of Sgr A East into the 50 km s~^ cloud and 
the CND. 

Over the past two decades, in spite of dramatic 
advances in H2 observations of the central 10 pc, 
there are still many remaining, unsolved questions. 
The H2 excitation mechanism is still in debate 
(UV-heated vs. shock- heate d), particu larly be- 
tween studies using hue ratios ( Pak et al., 1996a. tj) 
and those based on the relationships with the 
OH masers /Ward le et al.lll999l : lYiisef-Zadeh et~ar 



[i999b, 2001). The previous observations were 
concentrated on the CND, the brightest H2 fea- 
ture, rather than the regions where interactions 
between Sgr A East and the surrounding molecu- 
lar clouds are expected. Also, although the spa- 
tial resolution has greatly increased, the spec- 
tral resolution has not been high enough to in- 
vestigate the detailed kinematics (e.g., line pro- 
files) in the interaction regions. Considering that 
the widths of observed H2 lines are generally less 
than 45 km s~^, which is the critical velocity 
for shock dissociation in molecular clouds (e.g. 
Smith. Brand, k, Moorhou sc 1991), the spectral 
resolutions (75-130 km s^^) of prev ious spectro 



scopic ob servatio ns with FP etalons (jCatlev et al 



19861 : l^se f-Zadc h et al.l ir999b, 20oi|) are too low. 



To study the spatial and dynamical relationships 
between the various components in the central 
10 pc, it is necessary to observe additional interac- 
tion regions other than the CND, in the H2 emis- 
sion at high spatial and spectral resolutions. 



4.1. Projected Morphology of Sgr A East 
in the H2 Emission 

The morphology of Sgr A East has frequently 

been determined from the maps of 6 cm syn- 

chrotron radiation (lEkers et al.ll983tlYusef-Zadeh fc Morris! 



19871 : iPedlar et al.lll989l : see Figure E]). We inves- 
tigate the morphology of the Sgr A East bound- 
ary in the H2 emission, which is imaged for the 
first time in this study. Figure [5] shows our 
model of the Sgr A East boundary in projection 
based on the H2 intensity map. The H2 emission 
is significantly stronger than the RMS noise of 
5 X 10^^^ W ToT^ arcsec"^ (the blue color repre- 
sents roughly a 4-cr detection) in most of the fields 
observed. The intense H2 emission arises from 
the interaction regions related to the 50 km s~^ 
cloud and the northern ridge in the northeastern 
field and from the regions related to the CND and 
the western streamer in the western field. In the 
eastern and southern fields, the H2 emission is 
weaker. 

An elliptical boundary is defined to trace the 
outer edges of the H2 emitting regions with the 
center at a = 17h45'"42!13, 5 = -29°0'8'.'6 
(J2000), which is offset from Sgr A* by (4-32", 
-1-18") or ~ 1.5 pc at the dist ance of 8.0 kpc to 
the Galactic center ( Reid 11993*). The ellipse has a 
semi-major radius of a = 135" (= 2f25 = 5.4 pc), 
a semi-minor radius of 6 = 95" (= 1.'58 = 3.8 pc), 
and a position angle of 30° from north to east, 
which is almost parallel to the Galactic plane 
whose position angle is ^ 34°. The elliptical 
boundary is determined qualitatively so that it 
can include all H2 emission brighter than 10-ct and 
be kept consistent i n shape with the morphology 
in 6-cm contin uum dYusef-Zadeh fc Morrid 1987) 
and dust map (jMezger et al.l 119891 ). This model 
of H2 boundary might be revised by other studies 
since the model may depend on geometry or cloud 
structure as the H2 emission arises only from lo- 
cal interface regions between Sgr A East and the 
clouds and our H2 survey does not cover the whole 
region around Sgr A East. 

The only conflict with this model is the south- 
ern field where the H2 emission is situated well 
inside of the synchrotron shell in projection (com- 
pare Figure [2] and Figure [5]). We suggest that 
this southern H2 emission is not radiated from 
the southern-most edge of the Sgr A East shell 
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but from a position where the tilted surface of 
the shell contacts a molecular cloud (i.e. the 
southern streamer) in front of or behind it. Al- 
ternatively, the H2 emission may be extended 
more to the south from the detected position but 
severely diminished due to a very high extinction 
toward the southern part of the southern streamer 
(see the marginally detected H2 emission in Fig- 
ure [12] where all the data in the southern field are 
summed to increase the S/N r atio). Dust emis- 
sion is strong i n this direction (IZvlka et alj I ll998t 
see Figure 9 of iMcGarv et al.ll200l[ l and the NH3 
opacity in this region is much higher {tnh^ (1,1) 
= 2-5) than in the region whe re H2 is detected 
{tnh -, (1,1) << 1; see Figure 2 of lHerrnstein fc Ho 
20051) . The 1720 MHz OH maser detected at sev- 



eral positions arou nd this region (see Figure [2]) by 
lYusef-Zadeh et all |l996. 1999^ may support this 
hypothesis. Those authors interpreted the maser 
detections as indicators of shocks from Sgr A 
East toward its n earb y molecular cloud , altho ugh 
Coil fc Hoi (|2000h and lHerrnstein fc Hoi (l2005l ) ar- 



gued that they originate from the interaction be- 
tween Sgr A East and the SNR G 359.92-0.09. 
A similar interpretation is also possible for the 
50 km s~^ cloud. In the northeastern field of our 
H2 observation, the H2 intensity decreases toward 
the center of the 50 km s~^ cloud (Figure |5|). In 
this direction the dust emission is the strongest in 
the central 10 pc and the NH3 opacity is as high a s 
in the southern streamer ( Herrnstein fc Hoi 2005f ). 
Thus it is possible that, even though Sgr A East 
has expanded deeply into this cloud, the shock- 
excited H2 emission is highly obscured. 

Assuming the same center and the same posi- 
tion angle as our H2 boundary, the projected 6 cm 
continuum shell can be simplified with an ellipse 
with agcm = 1-7 = 4.2 pc and fogcm = 1'3 = 3.0 pc 
(Figure |6|). These dimensions are smaller than 
those of the H2 boundary by about 20 per cent. 
The boundary of Sgr A East defined by H2 emis- 
sio n is more cons i stent w ith the dust ring observed 
bv lMezger et all ( 1989! ) than with the outer edge 
of the 6 cm shell. The partial ring of 1.3 mm dust 
emission surrounds the 6 cm s ynchrotron emis- 
sion (see Figure 3b of lMezger et"al1ll989h . This 
dust ring is well followed by the molecular clouds 
seen in NH3 (see Figure |6]). The 50 km s~^ 
cloud, the northern ridge, the western streamer, 
and the southern streamer in NH3 emission are 



easily matched with the dust ridges. Assuming 
the same center and the same position angle with 
our H2 boundary, the dust ring can be represented 
with an ellipse with adust = 2.'5 = 6.0 pc and 
bdust = 1-5 — 3.7 pc, which is nearly identical 
with the H2 ellipse although the major axis of the 
dust ring is slightly (about 10 per cent) longer. 

In a compari son between th e ir 1.3 mm map and 
the 6 cm map, Mezger et all ( 1989) argued that 
the magnetic field of the synchrotron radiation is 
created in regions of the shell well down-stream 
of the shock front. This argument, together with 
the fact that the dust ring coincides well with the 
outer boundary of the H2 emission, implies that 
the H2 boundary defined here actually traces the 
shock front of Sgr A East. 

4.2. Shock Interactions between Sgr A 
East and Molecular Clouds 



Lee et al.l (|2003l ) observed H2 emission lines 
from interfaces between Sgr A East and each of 
the 50 km s'^ cloud (the GMC M-0.02-0.07) and 
the northern ridge. Based on the kinematics, 
they concluded that the H2 molecules are excited 
by shocks from Sgr A East although fluorescence 
works partially as well. 

In this paper, large-scale spatial and kinematic 
structure of Sgr A East and the molecular clouds is 
investigated by comparing the position- velocity di- 
agrams (PVDs) of the H2 and NH3 emission. The 
H2 emission traces hot 2000 K) gas and the 
NH3 cool (< 100 K) gas. In FigurejTjwe superim- 
pose the axes of the six PVDs shown in Figures [8]- 
[T3I Each PV cut is selected to cover bright regions 
in both H2 and NH3 in general. More specifi- 
cally, cut CI is designated to pass through three 
H2 emission peaks related to the 50 km s^^ cloud 
and a H2 emission feature around the northern end 
of the molecular ridge. Cut C2 is approximately 
along the northern ridge which is curved toward 
the CND. To compare the 50 km s~^ cloud and 
the northern ridge, cut C3 is laid across the two 
clouds and their related H2 emission. Cut C4 goes 
along the whole length of the molecular ridge and 
the 50 km s^^ cloud. The purpose of this cut is to 
study the relationships between these two clouds 
and the H2 emission in this region. Similarly, cut 
C5 is made to pass through both the CND and 
the southern streamer in order to investigate if the 
streamer is just a foreground feature as suggested 
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by iHerrnstein fc Hoi (|2005f) . Finally, cut C6 goes 
across both the CND and the western streamer. 
This cut also covers a small patch of H2 emission 
in the westernmost part (find more discussions on 
this H2 feature in section [5T^ . 

In Figure [H most of the NH3 emission con- 
tours trace the 50 km s~^ cloud and extend to 
the northern end of the molecular ridge (at posi- 
tions < —100"). The small patch of emission at 
positions 10"~40" and velocity of about km s^^ 
corresponds to the northern end of the northern 
ridge. The H2 emission observed in our north- 
eastern field (at positions between —50" and 50") 
shows similar velocity peaks as NH3 . The velocity 
extension of H2 is much broader; by as much as 
60 km s^^. This implies that strong shocks are 
propagating into the 50 km s~^ cloud and the H2 
emission arises from turbulent post-shock gas. 

In the PVD for cut C4 (Figure fTT|) which passes 
through the center of the molecular ridge along 
its length, we can see that the H2 contours are 
broader in velocity and extend farther to the red 
side than NII3. Thus we are certain that Sgr A 
East is in physical contact with and driving shocks 
into the molecular ridge too, at least into its north- 
ern part. 

Cut C5 follows the southern streamer (see Fig- 
ure [E]). The NH3 at - +30 km s"^ starts from 
—60", continues through the nuclear region (be- 
tween -1-90" and -1-140"), and reaches beyond the 
northern boundary of the CND. The weak NH3 
features at both sides of the southern streamer (at 
10, 60, and 80 km s~^) are the satell ite hyper- 
fine l i nes of the strong main line (Mc Garv fc Hoi 
2OO2I : IHerrnstein fc Hoi |2005| ). so have no addi- 
tional kinematic meaning. The NH3 feature with 
a very high velocity gradient between -1-40" and 
-1-100" is thought to be associated with the CND. 
In Figure [121 all cuts parallel to C5 in field S are 
combined to increase the S/N ratio. The H2 emis- 
sion is clearly blue-shifted with respect to NH3 by 
at least 20 km s~^ for both clouds. Thus the Sgr 
A East shock is suspected to be the accelerator 
of the H2 molecules also in the southern streamer 
and the CND. 

In Figure [T51 the northwestern part of the CND 
is shown at positions > 20". The NH3 emission 
from this cloud has a very broad velocity distribu- 
tion (~ 100 km s^^) reflecting very complicated 
and energetic gas motions in the nuclear region. 



The related H2 contours from 20" to 30" are as 
wide in velocity. The NH3 emission contours here 
peak at ~ 80 km s^^ and are skewed toward pos- 
itive velocities while the H2 emission is peaked at 
~ 50 km s~^ and is also bright toward lower ve- 
locities. This indicates that this part of the CND 
is located in front of Sgr A East and being pushed 
toward us by its expansion. 

The second molecular feature in Figure 12 is 
the northern half of the western streamer at —30" 
to 10". The H2 contours from the shocked gas at 
^ 0" are as wide as ~ 130 km s~^ and extended 
slightly farther (by ^ 30 km s^^) both to the blue 
side and the red side than the NH3. Thus it is 
likely that this part of the western streamer actu- 
ally surrounds the western part of Sgr A East and 
is being swept up by both the front and back of 
the expanding shell. 

In summary, throughout the region, the H2 
emission lines are significantly broader than the 
NH3 emission lines by a factor of 2-3. The H2 
profiles extend either blue-ward or red-ward of the 
NH3 which traces the systemic (rest) velocity of 
each molecular cloud more accurately. This kine- 
matics implies that the H2 emission around Sgr 
A East clearly originates from sh ocks propagat- 



ing into the molecular clouds fsee lLee et al.l 12003 



for more detailed discussion on the H2 excitation 
including partial role of non-thermal excitation). 

5. THREE-DIMENSIONAL SPATIAL 
AND KINEMATIC STRUCTURE OF 
THE CENTRAL 10 PARSECS 

In this section we will discuss the features 
within the Galactic center region. Using our data 
and past observations (described below), we de- 
velop a 3-D view of the region, which we show in 
Figure HJ Justification for the placement of the 
various components is given in the following sub- 
sections. 

5.1. Sgr A East as a Key Object in Under- 
standing the 3-D Structure 

Sgr A East surrounds the Sgr A* complex (in- 
cluding Sgr A West and the CND) in projection 
(see Figure |2]). Along the line of sight, absorption 
of non-thermal radiation is obvious evidence that 
the Sg r A* complex lies in front of t h e Sgr A East 
shell (|Yusef-Zadeh fc MorrisI Il987t IPedlar et af 
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19891) . A number of arguments, however, sug- 
gest that Sgr A* is in physical contact with or 
possibly embedded with in the hot cavity of the 
Sgr A East sheU (see iMorris k, Serabvnl Il996l: 



Yusef-Zadeh. Meha. fc WardldbOOd : iMaeda et al 
2OO2I and references therein). For example, there 
exists faint non-thermal emission detected at 
90 cm toward the thermally ionized gas although 
most of the non-thermal emission from Sgr A East 
is absorbed by the ionized gas associated with Sgr 
A West. This may indicate that Sgr A West is 
embedded in Sgr A East and the detected radia- 
tion is from the region between Sgr A West and 
the front-most edge of the S gr A East shell toward 
us (|Yusef-Zadeh et al.ll2000t ). 

There is also observational support for the 
argument that Sgr A East is in physical con- 
tact with and d r iving s hocks into the CND. 
Yusef-Zadeh et al.l (jl999bl ) found a linear filament 
of H2 emission located at the western edge of the 
CND running parallel to the Sgr A East shell. 
This H2 feature is thought to occur by shock- 
heating, as indicated by its morphology, the as- 
sociation with a source of 1720 MHz OH maser, 
and the lack of evidence for UV heating in the 
form of thermal radio continuum or Br7 emis- 
sion. In addition, a north-south ridge outlining 
the eastern half of the CND can be seen in the 
20 c m continuum emission (jYusef-Zadeh et al. 
200fl[ ). T his elongated ridge is also detected 



at 90 cm (jPedlar et all Il989l: lYusef-Zadeh et al 



1999br ). suggesting that it is a non-thermal fea- 
ture related to Sgr A East. As we will sec in 
section [521 Sgr A East is driving shocks into the 
northwestern part of the CND and accelerating the 
H2 gas toward negative velociti es. This interpreta- 



tion s upports the argument of lYusef-Zadeh et al 



( 2OOOI ) that the H2 filament detected along the 
western edge of the CND is shock-heated. Ab- 
sorption features in H2CO, OH, HI, and HCO+ 
spectra with highly negative radial velocities 
[yLSR — —190 km s~^) have also been observed 
towa rd Sgr A West (iMarr et al.lll992l: IPauls et al 



I993I; lYusef-Zadeh. Lasenbv. fc Mars hall! Il993t 



Yuscf-Zadch, Zhao, fc Goss 1995; Zhao. Goss. fc Hoi 
19951 ). The kinematics and spatial distribution 
of this gas place i t at the Galactic center and 
Yusef-Zadeh et al. ( 2000l ) interpret its highly neg- 
ative velocity as a result of acceleration by Sgr 
A East. Thus we conclude that Sgr A East is 



situated within the central 10 pc and that it is 
physically interacting with the Sgr A* complex. 

Sgr A East is also actively interac ting with the 
mole c ular clouds in the central 10 pc (iMcGarv et al. 
2OOII: iLee et al.|[2003 iHerrnstein fc Holl2005f) . In 
section 14.21 we demonstrate that Sgr A East is 
driving shocks into the surrounding clouds. As 
a result, we can determine the relative locations 
of Sgr A East and the clouds in the line of sight, 
based on the relative radial velocities between the 
shocked and unshocked gas. Hence Sgr A East 
is used as a key object in understanding the 3-D 
structure around the nucleus of our Galaxy. 

5.2. Radial Velocities in H2 and NH3 - 
Shock Directions and Spatial Rela- 
tionships 

In Section [121 Sgr A East is shown to be physi- 
cally in contact with and driving shocks into all of 
the surrounding molecular clouds; the 50 km s"^ 
cloud, the northern ridge, the molecular ridge, the 
southern streamer, the northwestern part of the 
CND, and the western streamer. In this section, 
we compare the velocity structures of the mutually 
related H2 and NH3 emission using the PVDs (Fig- 
ures [8Hl3|) in order to determine shock directions 
and positional relationships along the line-of-sight 
between Sgr A East and the molecular clouds. 

In Figure [51 the H2 emission shows much 
broader velocity extension than the NH3 contours 
of the 50 km s~^ cloud, both to positive and neg- 
ative velocities. This implies that strong shocks 
are propagating both toward us and in the op- 
posite direction along the line-of-sight, within the 
50 km s^^ cloud. We can understand this if the 
western portion of the 50 km s"^ CMC actually 
envelops Sgr A East, which is expanding into the 
cloud at both its front and back surfaces. 

On the other hand, in Figure[51 the H2 emission 
from the northern end of the molecular ridge has 
a narrow and very similar velocity distribution to 
the NH3 emission. However, in Figure [TT] for cut 
C4, which passes through the molecular ridge, the 
H2 contours are broader in velocity and extend 
farther to the red side than NH3. The velocity 
shift of H2 here is about 20 km s~^ which is much 
smaller than in the 50 km s~^ cloud. However, 
considering that the molecular ridge is located at 
the outermost edge of the Sgr A East boundary 
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and that its projected width is only about 1 pc, 
shocks from Sgr A East would propagate into the 
cloud nearly perpendicular to the line-of-sight and 
consequently the radial component of velocity shift 
of the shocked gas must be small. Nevertheless, 
we expect that the northern end of the molecular 
ridge is tipped slightly to the backside of Sgr A 
East since the H2 emission there is red-shifted, i.e. 
the hot cavity of Sgr A East is located in front 
of the ridge and pushing its material farther away 
from us. 

As for the small emission patch of the north- 
ern ridge in Figure El it is difficult to distinguish 
between the H2 emission that originated from this 
cloud and that from the 50 km s~^ cloud since two 
molecular clouds overlap along the line-of-sight. 
This problem is similar to the other PVDs related 
to the northern ridge (Figures [51 fc [TUl for cuts C2 
and C3, respectively). However, there is a com- 
mon aspect in these PVDs; there is no H2 emis- 
sion more blue-shifted than the NH3. This im- 
plies either that Sgr A East is located in front of 
the northern ridge along the line-of-sight or that 
the H2 emission does not originate from shocked 
gas. The latter interpretation is not likely as seen 
in Section 14.21 in Figure [HI the positions of the 
bright peaks of broad (as much as 100 km s^^) H2 
line emission are more closely coincident with two 
NH3 peaks of the northern ridge (at ~ km s~^) 
than with the single peak of the 50 km s~^ cloud. 
Evidence for shocked H2 emission in the north- 



ern ridge can also be found in iLee et al.l (|2003r ) . 



Therefore we conclude that the northern ridge is 
located to the far-side of Sgr A East and is being 
accelerated away from us. 

In Figure [T^ for cut C5, H2 emission is only 
seen bright at ~ 50" but at two separate velocities 
of the southern streamer +30 km s-i) and the 

CND (from 70 km s^^ to 10 km s'^). The 

H2 emission is clearly blue-shifted with respect to 
NH3 by at least 20 km s""'^ for both clouds. Hence 
we conclude that Sgr A East is located behind the 
southern streamer and the southern part of the 
CND, respectively. 

Figure [13] includes emission from three differ- 
ent molecular features. One is the northwestern 
part of the CND at positions > 20", where the 
NH3 contours peak at ~ 80 km s^^. The related 
H2 contours peak at ^ 50 km s~^ and are broad- 
ened toward lower velocities. This indicates that 



this part of the CND is located in front of Sgr A 
East and being pushed toward us by its expansion. 
The second feature at —30" to 10" is the north- 
ern half of the western streamer. The related H2 
contours at ~ 0" are extended slightly farther (by 
~ 30 km s~^) both to the blue side and the red side 
than the NH3. We interpret this as this part of the 
western streamer partially surrounds the western 
part of Sgr A East and is being swept up by both 
the front and back of the expanding shell. The 
third feature is the H2 emission at ~ —35", which 
must certainly originate in shocked gas considering 
its wide velocity distribution of ^ 80 km s"^. It is 
not clear, however, from which molecular cloud it 
arises. Since its position is beyond the boundary 
of Sgr A East (Figures [5| & [7|) , we cannot deter- 
mine its line-of-sight position with respect to Sgr A 
East. This H2 feature beyond Sgr A East may be 
associated with another phenomenon or accelerat- 
ing source. For example, it might be a manifesta- 
tion of the bipolar streamers or outflows from the 
Galactic nucleus whi ch are suggested by radio and 
X-ray observation s ( Yusef-Zadeh fc Morris! 1987 : 



Maeda et al.l [20021 ). Or it might be shocked gas 



which has leaked out from the bubble (see the ra- 
dio continuum feature toward northwest in Fig- 
ure [2]). Further studies are needed to understand 
the nature and origin of this H2 feature. 

5.3. Three-Dimensional Spatial Structure 
of the Central 10 Parsecs 

In the previous sections, we presented a 3-D 
model of the inner 10 pc of the Gala xy. Our model 
agrees with the prev i ous studies dMezeer et al 



1981 ICoil fc Hdl2000l : [Herrnstein fc Holl2005l) on 

the following points. 

1. The Galactic nucleus lies in front of Sgr A 
East and behind the southern streamer and 
a part of the 20 km s^^ cloud along the line- 
of-sight. 

2. Sgr A East is expanding into the 50 km s"-"^ 
cloud (M-0.02-0.07), the northern ridge, and 
the western streamer. 

In addition to the above, we suggest the foUow- 



1. Sgr A East is expanding deeply into the 
western edge of the 50 km s^^ CMC which 
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envelops it both at the front and rear of the 
ionized sheU. 

2. The molecular ridge is approximately at the 
same distance as the center of Sgr A East, 
but the northern end of the ridge is tilted 
slightly to the back of it. 

3. The northern ridge is in contact with the 
backside of Sgr A East. 

4. The northern-most end of the southern 
streamer and the CND lie in front of Sgr 
A East and are being pushed toward us by 
it. 

5. The northern part of the western streamer is 
located at the same distance as the center of 
Sgr A East and barely envelops the western 
edge of it. 

Based on the outer boundary of the Sgr A East 
cavity defined by the H2 line emission and above 
conclusions, we suggest a revised model for the 3-D 
structure of the central 10 pc as shown in Figurc[T] 

6. CONCLUSIONS 

Based on the H2 emission map, we determine 
the outer boundary of Sgr A East where it is driv- 
ing shocks into the surrounding molecular clouds, 
to be approximately an ellipse with the center at 
(+32", +18") or - 1.5 pc offset from Sgr A*, 
a major axis of length 10.8 pc, which is nearly 
parallel to the Galactic plane, and a minor axis of 
length 7.6 pc. This boundary is signifi cantly larger 
than t he synchrotron emission shel l dEkers et al 



1983t lYusef-Zadeh fc Morrid Il987l: IPedlar et al 



19891 ) but is closely consistent wi th the dust ring 
suggested bv lMezger et al.l ( 19891 ). 

Since Sgr A East is in physical contact with 
all of its nearby molecular clouds (the 50 km s~^ 
cloud, the northern ridge, the molecular ridge, 
the southern streamer, the CND, and the western 
streamer), we are able to determine the positional 
relationships between Sgr A East and the molec- 
ular clouds along the line-of-sight using the shock 
directions as indicators. Based on the determined 
relationships and the strong evidence that Sgr A 
East is in contact with the nucleus, we suggest a 
revised model for the 3-D spatial structure of the 
central 10 pc of our Galaxy modifying the previous 



mo dels oflMezger et all Jl989^ ■ICoil fcHol (l2000l). 
and lHerrnstein &: Hoi (|2005l ). 

Our conclusions on the 3-D structure resolve 
most of the debates in previous studies as follows: 

1. Is the nucleus in contact with or contained 
within Sgr A East? - The Galactic nucleus is 
in physical contact with Sgr A East since the 
CND is pushed toward us by the expanding 
hot cavity of Sgr A East. 

2. Is the southern streamer falling into the nu- 
cleus? - It is highly probable that the south- 
ern streamer is falling into the nuclear region 
and feeding the CND. Sgr A East is driving 
shocks into the northern-most part of this 
cloud where it meets the CND in projection. 

3. Has Sgr A East expanded into the 50 km s"^ 
cloud significantly, or just started to contact 
it? - In the H2 data of the northeastern 
field, we can see that most of this region is 
filled with shocked gas from the 50 km s^^ 
cloud. The area corresponds to at least one 
third of that of the entire cloud. Thus Sgr A 
East has significantly penetrated the cloud. 
If the cloud is wrapping around the Sgr A 
East shell with a casual morphological co- 
incidence, however, the shocked layer might 
still be thin and on the surface. 

4. Is Sgr A East colliding with the north- 
ern part of the molecular ridge? - Yes, 
we detected shocked H2 emission from the 
northern-most part of this cloud. 

However, we cannot answer the questions re- 
lated to the 20 km s^^ cloud. We know the 
branches (the southern streamer and the western 
streamer) from this GMC are interacting with Sgr 
A East but the main body of this cloud is lo- 
cated far to the south, beyond the scope of our 
observations. Therefore the position and extent 
along the line-of-sight of this GMC in Figure [T] is 
uncertain. According to ICoil k Hoi |r999, 20001 
SNR G 359.92-0.09 is expanding into the molecu- 
lar ridge, the 20 km s~^ cloud, and Sgr A East. 
Thus, if we observe the H2 emission around SNR 
G 359.92-0.09 in a similar way to the 3-D obser- 
vations for Sgr A East, the questions about the 
20 km s~^ cloud could also be answered. 
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Fig. 1. — Schematic drawing of the 3-D structure 
of the central 10 pc (the front, side, and top view 
in a clockwise direction). Black dots indicate Sgr 
A*. Sgr A West and the CND are simphfied as 
two ellipses surrounding it. This model structure 
is based on the results of this work. See Section [5] 
for details. 



Fig. 2. — Field positions for the H2 observa- 
tions. The color image is the 6 cm continuum 
map of the central 10 pc ( Yusef-Zadeh fc Morris! 
19871 ) with NH3 (3,3) emission c ontours superim- 
posed from lMcGarv et al.l (|200ll ). Sgr A East (red 
shell) surrounds Sgr A* (the black dot in the cen- 
ter) and Sgr A West (mini-spirals in green and 
blue) in the radio continuum. The four fields ob- 
served in H2 1 — S(l) using a sht-scanning tech- 
nique are indicated by the labelled white boxes; 
these are the northeastern (NE; composed of 24 
parallel positions of the 90"-length slit), eastern 
(E; 10 slit positions), southern (S; 10 slit posi- 
tions) and western (W; 10 slit positions) fields. 
Each field is divided into 2 or 4 scanning blocks 
(labelled with numbers) by black solid lines. The 
narrow box (labelled '0') between field NE and 
field E is a supplementary field which is composed 
of only two slit positions and belongs to field E. 
This field (E-0) was observed to study the relation- 
ship between Sgr A East and compact HII regions 
in its eastern side, and the result will be reported 
separately. Contour levels are in intervals of 4 u, 
where a = 0.33 Jy beam~^ km s""'^ (the beam size 
is ^ 15" X 13"), and the scale bar ranges from to 
0.7 Jy beam^i (the beam size is 3'.'4 x 3'.'0). Let- 
ters (A, B, D, and G) mark the positions of OH 
(1720 MHz) masers (|Yusef-Zadeh et al.lll999ah . 



Fig. 3. — The velocity-integrated H2 1-0 S(l) map 
of the entire surveyed region extracted from the 
combined data cube. The color-scaled intensity 
level is indicated by the side bar on the right in 
units of W m~^ arcsec"^. 



Fig. 5. — Definition of the Sgr A East bound- 
ary in H2 emission. An ellipse defining the outer 
boundary of Sgr A East is overlaid on the in- 
tegrated intensity map of H2 1 — S(l) hue 
emission (smoothed by Gaussian with FWHM = 
5") with cont ours for NH3 (3,3) emission from 
McGarv et al. I diooi). The color-scaled inten- 
sity level is indicated by the right-side bar in 
units of W m~^ arcsec"^ and the contour lev- 
els are in intervals of 3-(T (the RMS noise a = 
0.33 Jy beam^^ km where the beam size is 
~ 15" X 13"). The major and minor axes of the 
ellipse are also indicated; the cross at the center 
of the image represents the position of Sgr A*. 

Fig. 6. — Two morpholo gical models based on 
the 6 c m continuum map of Yusef-Zadeh fc Morris! 
(Il987l) (inne r ellip se) and the dust map of 



Mezger et al.l ( 1989! ) (outer ellipse) are superim- 
posed on the gray-scaled version of Figure |2l 

Fig. 7. — Positions of the cuts for the position- 
velocity diagrams (PVDs) of H2 1-0 S(l) and 
NH3 (3,3) emission in Figures [51-[T51 For each cut, 
the labeled end indicates the direction of positive 
offset and the small cross corresponds to the ref- 
erence position in each PVD. The NH3 contours 
are labeled for the molecular clouds around Sgr A 
East. The H2 1-0 S(l) map is smoothed by a 
Gaussian with FWHM — 5". The intensity scale 
and contour levels are the same as Figure [5] 

Fig. 8. — Position- velocity diagram for H2 1 — 
S(l) and NH3 (3,3) emission along cut CI. Thick 
contours are for H2 emission and thin contours are 
for NH3. The contour levels are 2, 4, 6, 8, 10, 
20, 40, 60, 80, and 100-cr for both contours where 
= 1-5 X 10~^^ W m~^ arcsec"^ km~-^ s and 
o'NHa = 0.01 Jy beani^^. Positions in units of 
arcsec are relative to the reference position which 
is marked on the cut in Figure [71 Thick horizontal 
lines indicate the boundaries of the H2 fields. 



Fig. 4. — The velocity-integrated H2 1-0 S(l) map 
of the entire surveyed region shown in Figure |3l 
smoothed with a 3"-FWHM Gaussian. The color- 
scaled intensity level is indicated by the right-side 
wedge in units of W m" 



Fig. 9. — The same as Figure |8| but for cut C2. 



Fig. 10. — The same as Figure ID but for cut C3. 



Fig. 11. — The same as Figure |5| but for cut C4. 
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Fig. 12. — The same as Figure |8] but for cut C5. 
All cuts parallel to C5 in field S are summed to 
increase the S/N ratio. The broad H2 contours at 
~ 170" are related to the 50 km s~^ cloud and the 
northern ridge. 



Fig. 13. — The same as Figure |5] but for cut C6. 



Table 1: H2 Observations with CGS4 and the 
echelle at UKIRT 



Field=' 


Date (UT) 


Base Position'^ (J2000) 


Slit names° 


P.A.'' 


Seeing° 




(yyyy/mm/dd) 


R.A. 


Dec 


(number of slits) 




(FWHM) 








H2 1-0 S(l) (A 


= 2.1218/im) 






NE-1 


2001/08/3-4' 


17h45"'45?95 


-28°59'05('16 


NW15, NW12...SE12, SE15 (11) 


40° 


2.0" 


NE-2 


2001/08/04* 


17h45™45?86 


-28°59'06('54 


SE18, SE21, SE24 (3) 


40° 


2.1" 


NE-3 


2003/05/23 


17iM5™45!87 


-28°59'04"16 


NW15, NW18...NW24, NW27 (5) 


40° 


2.4" 


NE-4 


2003/05/28 


17h45™45?95 


-28°59'05yi6 


NW30, NW33...NW39, NW42 (5) 


40° 


1.8" 


E-0 


2001/08/04' 


17'^45™50?60 


-28°59'44y30 


00, SE03 (2) 


40° 


2.0" 


E-1 


2003/05/29 


17h45™48?30 


-29° 00' 15^00 


00, S03...S09, S12 (5) 


-90° 


2.1" 


E-2 


2003/06/01 


17h45™48?60 


-29°00'13"80 


S15, S18...S24, S27 (5) 


-90° 


1.7" 


S-1 


2003/05/30 


17h 45111423 30 


-29°01'53"00 


00, W03...W12, W15 (6) 


0° 


2.0" 


S-2 


2003/06/01 


17h45™42!27 


-29°01'50"60 


W18, W21, W24, W27 (4) 


0° 


1.7" 


W-1 


2003/05/31 


17'M5'"34!69 


-29°00'06"40 


00, NE03...NE09, NE12 (5) 


-60° 


2.2" 


W-2 


2003/05/31 


17'M5'"34?80 


-29°00'05('00 


NE15, NE18...NE24, NE27 (5) 


-60° 


2.2" 



"See Figure [2] for an outline. 

'Base position for each slit-scanning block. 

'^Defined by [scanning direction] + [separation from the base position in arcscc] . 
'^Position angle of slit (from north to east). 

•^Final spatial resolution on the detector, as produced by the natural seeing and optical system of CGS4. 

f}i2 1-0 S(l) observations on 2001 August 4 (slit SE15 in field NE-1, field NE-2, and field E-0) using the slit-jittering method 
described in the text). 
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